Monocytes originate from a proliferating pool of immature cells of granulomonocytic lineage in the bone marrow. However, monocytes differ from granulocytes in that their maturation time in the bone marrow is shorter and they are released into the circulation at still immature stages of development (7) . This has been substantiated by observations that after a single injection of [3H]TdR in an appropriate dose into rats or mice, half or more of the monocytes in the peripheral blood are labeled within two or three days (9, 12, 13) .
Our previous study (8) 
MATERIALS AND METHODS

Animals
Male Wistar rats weighing around 80 g were purchased from Clear Japan, reared on a compressed diet for mice and rats (Oriental-MF) for a week or two and weighed every day to measure their growth rates. Animals which grew at normal rates were considered healthy and were used in the present experiments. Labeling procedure Twelve healthy rats weighing 120-150 g received 3 daily injections of [8-14C] adenine (specific activity, 40-60 mCi/mM : New England Nuclear Corp., Boston MA) at a dose of 1,uCi/g body weight each and at an interval of 24 hr. A preliminary study has revealed that at least 3 daily injections of [14C]A are required to elevate the labeling indices of the cells to sufficiently high levels. As controls, 4 rats were injected with [methyl-3H] thymidine (specific activity, 6.7 Cif mM: New England Nuclear Corp.) at the same dose and in the same manner as
At 3 hr (in 10 rats) and at 24, 48, and 72 hr (in 2 rats each) after the last injection, blood was obtained by incision of the tail and blood smears were prepared. Then the animals were sacrificed and smears of femoral bone marrow were made. The smears were fixed in absolute methanol and washed in running water for 60 min to remove soluble radioactivity and dirt. In the control experiments, the above procedures were performed at 3 hr after the last injection of [3H]TdR.
Autoradiographs were made by dipping the preparations into Sakura NR-M2 emulsion (2). The exposure time was limited to 2 weeks. After photographic processing the smears were stained with Giemsa.
RNase and DNase treatments
Since adenine is known to be incorporated into both the RNA and DNA of the cell, confirmation of the incorporation of the radioactive material into DNA (or RNA) of the cell was carried out with RNase A and DNase I (Worthington Biochemical Co., Freehold, NJ) treatments as described by Amano (1) before dipping in emulsion.
Analysis of autoradiographs
For each individual autoradiograph an estimation of the background was made. Those in which the background did not amount to more than 2 grains per cell were examined in the present study. A cell was considered labeled if the number of grains superimposed on the cell or nucleus exceeded 5 grains per cell. To determine the labeling index, 1,000 nucleated cells or 200 monocytes were counted. The grain count was performed on at least 100 labeled cells of the monocytic series. The grains extending beyond the cell border were not counted. Cytochemical methods Smears were fixed in 10% formalin in absolute ethanol for peroxidase staining or in formalin vapor for esterase staining, and staining was carried out according to the methods used by Diesselhoff-den Dulk and van Furth (4).
RESULTS
Bone marrow
After three daily injections of [14C]A, the majority of pecursor cells of monocytes as well as those of granulocytes in the bone marrow were heavily labeled in contrast to weaker labeling of erythroblasts and lymphocytes, as previously reported (8) . The silver grains of the heavily labeled cells were reduced in number to some extent by pretreatment with RNase, but the cells still remained heavily labeled (Fig.  la, b) . Since the grains of these cells vanished nearly completely following treatments with both RNase and DNase, it is apparent that the observed labeling of the cells following treatment with RNase represents that of DNA. The silver grains of the weakly labeled cells disappeared to a large extent following treatment with RNase.
Although both types of cells were heavily labeled, the autoradiographic reaction of monocytic cells was generally greater in degree than that of granulocytic cells with the exception of eosinophile myelocytes. A few heavily labeled blast cells lacking either special granules or nuclear indentation or folding were regarded as the most immature cells of granulo-monocytic lineage (myeloblasts or monoblasts) (Fig. 1b) . Peripheral blood At 3 hr after the last injection of [14C]A, numerous large (and a few small) mononuclear cells were distinctly labeled whereas neutrophils and lymphocytes were not. The latter leucocytes began to be labeled later, that is, from the 24th hr on after the last injection of [14C]A. Most labeled mononuclear cells showed such morphological features characteristic of monocytes as nuclear indentation or folding and a pale staining region adjacent to the nuclear indentation (Figs. lc, d ). In addition, the majority of these cells gave a positive reaction for either peroxidase or esterase. For the reasons mentioned above, radiolabeled mononuclear cells were identified as monocytes.
The percentages of labeled cells against total nucleated blood cells at 3 hr after the last injection of [14C]A varied from 1.6 to 8.3 and the labeling indices of blood monocytes from 27% to 75%. Fig. 2 shows the grain count distributions of blood monocytes and their precursor cells in the bone marrow in an example in which treatment with RNase had not been performed, while Fig. 3 shows those in another example in which treatment with RNase had been carried out. In the former example, the average grain count was 16.2 for blood monocytes and 29.6 for their precursor cells in the bone marrow, and the ratio between the two figures was 1 1.83. In this example, the maximum grain count for blood monocytes was 65 grains per cell, the same as that for the most immature monocytes in the bone marrow. In the latter example, in which RNA had been extracted from the cells by treatment with RNase, the corresponding figures were 13.5, 29.4, and 1 ; 2.18, respectively. The results noted above show that, although extraction of RNA from the cells reduced the labeling intensity of the blood monocytes with [14C]A to some extent, no essential difference in the labeling pattern could be seen between the two examples with and without extraction of RNA (cf. Figs. 2, 3) .
In all examples, particularly in those without extraction of RNA, a portion (up to 7%) of the labeled blood monocytes had as many silver grains per cell as those of their precursor cells in the bone marrow, such as promonocytes or monoblasts (Figs. la-d) .
The silver grains of the blood monocytes disappeared nearly completely following treatments with both RNase and DNase. as observed following injections of [14C]A did not take place.
DISCUSSION
The present experiments have demonstrated that monocytic cells were labeled with [14C]A to a great extent. The labeling indices of blood monocytes following 3 daily injections of [14C]A were found to be considerably high (27-75%), but the figures obtained are almost the same as those reported in the literature.
As mentioned in the introduction, previous studies by other workers have revealed that after a single injection cf [3H]TdR (1-2 iCi/g body weight) into rats or mice, the labeling indices of blood monocytes quickly rise up to from 40 to 60% within 48 hr (9, 12, 13) . It was further shown by van Furth and Cohn (9) that 4 intramuscular injections of 1,uCi of [3H]TdR into mice at 3 hr intervals increase this index up to about 80% at 60 hr after the last injection. However, no mention has hitherto been made of the labeling intensity of blood monocytes by any worker who used [3H]TdR.
In contrast, the present experiments revealed that the number of grains per cell of the labeled blood monocytes after 3 daily injections of [14C]A was unexpectedly great (Figs. 2, 3 ) and, moreover, a portion (up to 7%) of the labeled blood monocytes had as many grains per cell as those of their precursor cells such as promonocytes or monoblasts ( Fig. 1 a-d) . This indicates an abundant occurrence of immature monocytes which are comparable to promonocytes or monoblasts within the circulating blood.
With regard to the kinetics of monocytes in the bone marrow, van Furth and Diesselhoff-den Dulk (10) have proposed, on the basis of their autoradiographic study of these cells using [3H]TdR, the following scheme: The division of one precursor cell (probably a monoblast) gives rise to two promonocytes and the subsequent division of each of promonocytes gives rise to four monocytes, which are ultiriately released into the circulation. This scheme leads to the conclusion, as van Furth et al. (11) claim, that immature monocytes such as promonocytes or monoblasts never appear in the circulating blood under physiological conditions. This conclusion, however, contradicts with our finding mentioned above. With respect to the occurrence of immature monocytes in the blood, the work of Lin (6) is of particular interest. This author has demonstrated that the circulating blood of mice contains a fairly large number of in vitro colony-forming cells of monocyte.macrophage lineage. Lin's finding is in good agreement with our's.
On the basis of the above consideration, it can be stated that [14C]A is more effective for labeling monocytic cells than is [3H]TdR. Since, however, 9 particle ranges for 14C are much longer than those for 3H, experiments to substitute [3H]A for [14C]A are now under way.
The results of treatments with RNase or DNase or both must next be mentioned. It was confirmed by these treatments that the observed labeling of monocytic cells with [14C]A was chiefly due to the incorporation of labeled adenine into DNA.
The mechanism by which monocytic cells are labeled with [14C]A to a great extent is not known. However, it is conceivable that adenine metabolism of monocytic cells differs from that of other cell types. According to Henderson and Paterson (5, p, 97), some animal cells have an absolute requirement for exogenously supplied purine because of a deficiency in the enzyme system in the pathway of synthesis de novo; whereas the large majority of other cell types are capable of synthesizing purine via the de novo pathway to a greater or lesser extent. Monocytic cells which have a strong requirement for exogenously supplied adenine seem to be one of the former cell types. It is of interest to compare monocytic cells with certain types of bacterial mutants which require adenine for growth because of a complete lack of the de nooo pathway for adenine synthesis (5) . Recently Barankiewicy and Cohen (3) showed that in rat peritoneal macrophages adenine is utilized for nucleotide synthesis via the salvage pathway. It may be assumed, therefore, that monocytic cells, like adenine-requiring bacterial mutants, require adenine for proliferation.
